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!Phe Respsnae of Ribbed Panels t o  Reverberant 
Aeou8tic Field8 

by 
Oideon Maidanik 

Bolt Reranek and bfenrsran Inc., Cambridge 38, E4asaachusetts 

A statistical method for estimating the response of ribbed 

paflp%ls t o  acoustic excitation I s  discussed. It is shown t h a t  the 

acceleration spectrum of the vibrational field I s  related t o  the 

presswe spectrum by a coupling factor which is a simple function 

of the radiation and lPschanical Fssistance of' the structure.  'phe 

mtdiation resistance of a ribbed panel l a  studied as a furkction of 

frequency. The analysis predicts tha t  ribbing increases the radi- 

ation Pssistanee of the panel and hence Its coupling t o  the acoustic 

JFleld. 

also considered. 

to  test the theow are reported. 

and experiments is ahom to bcr satisfactory.  

The effect of varloua panel-rib bursdary @on8ition8 is 

The msUft8 of txperfments which were conducted 

The agreement between theory 

Oate t o  its length, the bodg of the paper is not included In 

t h i s  report. mom Interested In t he  t b o r e t i e a l  and exp8rimenta.l 
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the next month, we expect t o  prepare and su-t a final 

Une of these is a theoretical and experimental 
of the arodal density and input inspedanoe of cylinderrr by 

m o r t  on this contract which trill include two topical studies in 
gmprlnt form. 

93. )fhokt. '&e, 0-X' $8 B 8- Of ths rad%Ut%OCl m8lStMCe Of' b C U a  

plate systems by R. 1. Lycm. ikpenbit-s t o  date have ]paadmi 
approximately gO$ o t  the ccmtmmt izuds. A prap08al for extenaim 
Of Work W m  8Ub8ltted t0 olh 17 1962. 



. 

Bolt f3eramk and Newman Inc. 
Page 3 

]Lin finds that the f i r a t  band mns from 99 to 148 cps. 
look a* the %able8 of k c h f f  and Felgar,Y for an aspect ratio 
B/b of 1 . 5 ,  &h@ ratio 

If we 

= 0.89 



. 

$here ha8 been f3deDpe slight tendency for a small hmp in the N(a)  
cwve at low frequencies. 

tin then a~3wm3 a value of q = -04 for the loss factor without 
8-%- hi8 BoUl?oe POP M S  W U e .  % 4MW!!&S th is  18 €8- 

clelpt t o  causle modal omrlap to am extent that requlrea one to 
earnslder wdal covafiance in c o ~ u t l n g  the s&r@as r@spoa#~#?. 
cormat t o  cmaider m e 8  incleperadently in detemlning the energy 
in a structure whether &hey are correlatce8 or not. Thia I s  not 
tm came whin considering (ii dynamica~ mespsaae ae wsm point; the 
presence at  cohererace mean8 that the sum of r m  response in  fhe 
d e 8  ie not the total rim m m a e . .  Whether modal owerlap occur8 
depends on two factors; the number of modes in the band, am3 t k  
choice of the correct damping ratio. )te shall consider these 
separately. 

H t  18 









For the 50 cga bandwidth or Lln, this would be 
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The Response of Ribbed Panels to Reverberant 
Acoustic Fields 

by 
Oldeon Maidanik 

Bolt Beranek anel Mewman Irpc. , Cambridge 38, kBassachusett8 

A statistical method for estimating the response of ribbed 

panels to acoustic exeltation is discussed. It; is shown that the 

acceleration spectrum o f  the vibrational field i s  related to the 

pressure spectrum by a coupling factor which is a simple function 

of the radiation and mechanical resistance of the structure. The 

radiation resistance of a ribbed panel I s  studied as a function of 

frequency. The analysla predicts that ribbing increases the radi- 

ation resistance of thu parseland hence its coupllag to the acoustie 

field, 

also eonsl8ereQ. 

The effect of various pmel-rib boundary conditions is  

The results of experislent8 which were conductec! 

to test the theory are, repor$ed. 

and experiaents Zs ahom to bo satisfactory. 

'%he agreemnt between theory 

Due to  I t s  length, the body of' the paper I s  not Included Sn 

t h i s  report. 

details a m  ea0couS"aged to  mqueet preprints f'mm 8. Maidanlk at 

Bolt Beranek ami lNewaranr %ne, 

Thoare i n t e ~ e s t e d  in the theoPetIea1 anb experimental 
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SubJectr Quarterly Status Report Mo. P, January 1962 
Re8earoh on Vibration In Comq#llcateU Structures 
by Phew MethoUs 

Referencer @ontract blo. Wr-47 
888 Job lo. 110772 

Review of Activities During the Qua *F 

last quarter has 6een an crccelenated activity on tlris 
contraet, priaariZy by M. Illeekl, R. 4.sroa, and 43. Mald~lk ,  with 
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During the next m t h ,  we expect to prepare and submit a final 
report  on this contract which nil1 include two topleal studlea in 
preprint ram. Q.re or these is a theomtlcal and experimental 
at- or the modal denalty and input Impedance of cylinders by 
H. &cH. other is a studp of the radiation maistame of beam 
plate system8 by R. 8. Lycm. w l t u r e s  to date have reuehed 
appmximately of the contra& rwrds. A proposal for exten8lon 
or this work urn 8 U b 8 1 i t t e d  to  NASA on 17 J I U A ~  1962. 
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Lin finds that  the first band runs from 99 to 148 cps. 
look at; the tablea of HacDuff and Felgar,V for an aspect ratio 
B / b  of 1 . 5 ,  the ratio 

If we 

ialstead of a value = 0.57 a8 ladlieatmi by Lln. 
diagram of Pig. 2 is exact (which it %a not$ then this ratio l a  
1.s. 

ff one a88unnea the 

Let us ccmpme the nrodaP denalty I n  t h i s  fawest band discussed 
by Lit0 wi$h that whioh ue have pmmted in our pmvioua nark !il 

are i n  inches, $ 18 t)oe p-1 and h I 8  I t S  

.oweat frequency band deosaity for an aspect ratio 

Hf we urn the bmdwldth of the firat b W  which Lln carpputea, this 
I i 8  
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fhere has been same slight tendency for a small hump In the N(m) 
curve at low frnquencies. 

Lin then assuaea a value of q - .@ for the loss factor without 
atattng hla soume POP this value. 
cient to cause modal overlap to am extent that requires one to 
canaider asabal covariance in computing the stress respon8.e. 
correct to canalder umle8 independently i n  determining the energy 
i n  8 structure whether &hey are correlated or no%. mi8 is not 
 he m e  wkn conaidteribg a mapomae at some point; the 
presence of coherence mas that the iulll of m s  response In the 
modes is not the totall ram relrpanae. Whether modal. overlap occurs 
depends on two factors; the number of d e s  i n  the band, and the 
choice of the correct d8mplng ratio. l& ahall consider the80 

I% asserts that th is  I s  staff1 

P t  is 

separately. 

%he lose factor q .I 0.W may have been taken fmm Clarksm and 
p o d  ~ h o  report this value for a motion of mavePfe ru~eliage. 
Ihir weas-nt is or the envelope of the a u t o c o ~ l a t i m  of 
the strain response. 'R# point to be made here I s  that the "dmpirrg" 

lng in  th ia  frequency range of riveted panels typical of aircraft 
construction has resulted In loa8 factors of an order of mime 
below this value. 
pardt probably -888 from tlgnsailssion of  energy from the excited 
part of the structure t o  more M t e  sections rather than local 
dissipation. f t  i a  not correct to intewret thda as "damping" 
mles8 the other pa-8 of the structure ape not excited and drain 

18 IXDt n@Ce!88bril~ WX&C!& t ? r  thfn WU!!!&Z'- @!? Sh2T!-v 9fl k!! A'-- 

'Rie higher value report@ by Clarksan and 

energy awe. %he point to be mule 18 tiwe the autocoxmlation of 
response only gives the d-lng comotPg %or a single mode. w)ren 

EB gmup of ersiaes is present, the autoccsmBation envelope 58 not . 
determined by the ing alone. 
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which at  feast has the vlptu~t of simpllelty! 



6.6 x IO3 P S I  . 
For the 9 cps bandwidth of Lin, th i s  would be 

' * 4.7 x 163 psi 0 

=2mB 
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